Background: This study describes the key areas that matter to adolescent survivors of IMD.
Introduction:
Measures of health related quality of life (HRQoL) are increasingly important in the evaluation of illness outcomes and healthcare (Garratt et al., 2002) HRQOL is not just defined by what an individual can or cannot do, but also the meaning that he/she attributes to different levels of functioning (Gill & Feinstein 1994) . HRQoL is a multidimensional concept including aspects of life that are not generally considered as 'health', such as income, (Ridley 1997) . The goal of health care is to maximize the health component of quality of life (Bowling 1995) .
Little is known regarding HRQOL in adolescent survivors of IMD with no specific instruments to measure HRQOL post-IMD. Adolescence is characterised by attempts to establish autonomy and independence, close personal relationships, educational goals and financial security. Theses developmental changes make it inappropriate to use either child or adult instruments in young people (Eiser & Morse, 2001) Generic adolescent instruments include the Child Health and Illness Profile -Adolescent Edition (Starfield et al, 1993) , the Quality of Life Profile -Adolescent Version (Raphael, et al 1996) and the 16 Dimensions scale (Apajasalo et al, 1996 ) However, none of these were designed to assess the unique impairments that follow IMD. The sequelae of IMD may be too specific to be detected by generic quality of life (QOL) instruments, which do not address the individuals perceived quality of life affected by disease, illness or disability and may underestimate the severity of deficits. Specific instruments for other conditions are similarly unlikely to be useful in assessing HRQOL in IMD survivors.
In our outcome study of IMD in adolescent survivors compared with age and sex matched controls (Borg, et al., 2010 ) significant impairments were found in social, physical, mental health and cognitive domains. Survivors rated their overall QOL using a simple likert scale.
They rated it as significantly worse than peers and deteriorating since the episode of IMD.
This simple approach did not indicate which deficits were of greatest concern for the individuals concerned. Disease-specific HRQOL instruments provide greater sensitivity and specificity in addressing patient concerns in specific conditions such as asthma, epilepsy, and arthritis (Eiser & Morse 2001) (Deyo & Patrick 1989) . The main aim of this study was to develop a IMD-specific HRQOL questionnaire for young people .
Patients and Methods:
Young people were recruited from Scotland, Northern Ireland, and England through 3 UK charities providing support related to IMD: The Meningitis Trust; Meningitis Research Four domains were identified; physical, social, psychological and cognitive. Members of the EG were asked to prioritise the domains identified in order of potential impact on HRQOL in young people after IMD. A series of questions informed by the three previous stages were used to create a draft questionnaire. Questions were written to be clear, unambiguous, and age appropriate using straightforward language. Focus groups participants and the EG were sent the questions for review. Comments on pertinence, appropriateness, clarity, readability and duplication were incorporated into the final draft which contained a total of 93 items. The Flesch Reading Ease score was used to assess the questions. This rates text on a 100-point scale; the higher the score, the easier it is to understand the document. The questionnaire achieved a score of 57 with the majority of standard documents aiming for a score of approximately 60 to 70. All items were presented using a 5-point Likert response scale that Questionnaire Refinement using Factor Analysis A process of item deletion for the 93 baseline items was conducted using two exclusion criteria. First, to avoid floor or ceiling effects all items that had 80% or more of the responses in one category were eliminated.
Second all items that were skewed (> 1) were eliminated to ensure adequate scale score variability. The factor structure of the remaining items was determined using exploratory factor analysis. The models were estimated using maximum likelihood based on a covariance matrix using LISREL8.70 (Jöreskog & Sörbom, 2004) . Models with two or more factors employed an oblique (promax) rotation. Eight models were tested; models included zero to seven factors. For each model the chi-square statistic and the root-mean-square error of approximation (RMSEA: Steiger, 1990 ) were used to assess model fit. A chi-square which was not significant and a RMSEA value less than .05 were used as criteria for acceptable model fit (Jöreskog & Sörbom, 1996) . In addition parsimony was considered; the best model should be significantly better than the model with one less factor and not significantly different to the model with one more factor. Reliability for each subscale was estimated using Cronbach's alpha.
Concurrent validity was assessed by correlating mean sub-scale scores with the SF36 and BDI

Results
The first and second exclusion criteria resulted in removal of 22 and 43 items respectively.
The original item pool was therefore reduced to 28 items after the initial set of exclusion rules were applied. For these items the Kaiser-Meyer-Olkin measures the sampling adequacy was satisfactory (.82) and Bartlett's Test of Sphericity was significant (χ 2 =1177.05, df=378, p < .01); indicating that the data were suitable for factor analysis. The fit statistics for the factor analyses are reported in Table 1 . Table 1 here Both the chi-square and the RMSEA indicated that the model with four factors was acceptable in terms of model fit. The four-factor model was significantly better than the three-factor model (Δχ 2 = 72.99, Δdf = 26, p < .05) and not significantly different from the five-factor model (Δχ 2 = 36.99, Δdf = 25, p > .05). The factor loadings are reported in table 2.
The solution had few cross loadings greater than .30. Table 2 here
The highest loading items for each factor made the labelling of factors 1, 2, and 4 straightforward. Items tapping a range of negative moods, emotions, feeling and somatic experiences loaded on Factor 1. As all the items are scored towards higher quality of life this factor was labelled "Wellbeing". Many items that loaded on Factor 2 related to positive evaluations about future, resilience, and self-efficacy. The factor was labelled "Positive about Future". All the items that loaded on Factor 4 were related to social activities and was labelled "Social Support". Only three items loaded on Factor 3 which was not clearly defined as two items had large cross loadings with the "Positive about Future" factor. Confidence was a core element of the three items so Factor four was labelled "Confidence".
Factor correlations, estimates of reliability (Cronbach's alpha), and mean sub-scale scores are reported in Table 3 . All four factors were positively correlated with correlations ranging from .37 to .59. The correlations were not too high as to suggest redundancy. The reliability of all subscales was high ranging from .85 to .92 Table 3 here
The scores on each subscale were summed and correlated with scores on the eight domains of the SF-36 and the total BDI scores. The correlations are reported in Table 4 . Table 4 here Each of the subscales correlated positively with each of the SF-36 domains, and the correlations were all statistically significant. The subscales also demonstrated a degree of unique predictive utility demonstrated by the correlations within each domain being different.
The correlations with the BDI scores were all negative and statistically significant. The correlations were all similar in magnitude.
Discussion
The aim of this study was to develop a multidimensional self-report measure of HRQOL for adolescent and young adult IMD survivors. An initial pool of items derived from focus groups was administered to a sample of young adult survivors. Initial item reduction was based on distributional criteria which trimmed the total number of candidate items to twenty-eight. Factor analysis suggested four correlated factors each with acceptable levels of reliability. These factors were associated with SF-36 domains and BDI scores in a theoretically predictable manner. Table 2 show that for each factor all the loadings are higher than .30 (Nunnally & Bernstein, 1994) . These high factor loadings explain the high levels of reliability reported for each subscale. The "Wellbeing" and "Positive about Future" subscales that represent these factors were comprised of 12 and 8 items respectively. The remaining subscales were comprised of 3 and 5 items. Given the high reliability of these there may be an opportunity to further shorten the scale by removing some of the items with lower factor loadings from the 'Wellbeing' and 'Positive about Future' subscales. The factor correlations are moderate, ranging from .374 to .590 with, a mean correlation of .491. This suggests that each subscale should have differential predictive utility.
Factor loadings reported in
For scores from a HRQOL scale to have clinical utility the scale also needs to be related to other theoretically related constructs. Each subscale was significantly related to a range of measures of physical and psychological wellbeing and functioning. For many of the criterion variables, the correlations were high, indicating convergent validity. Additionally, there was also some evidence of discriminate validity. For example the associations between Limited by Physical Problems sores and scores on the SLAM subscales were quite different, being non-significant for the 'Positive about Future' subscale but high and statistically significant for the 'Confidence' subscale.
SLAM is slightly shorter than the SF-36 with the potential for further reduction of items. It therefore takes slightly less time to complete and it's focus on what is important to survivors of invasive meningococcal disease makes it a more suitable measure of HRQOL than other more generic scales
Limitations
We acknowledge this study had a number of limitations. The young people were recruited through charities that offer support to families that have experienced meningitis. These families have actively sought help and therefore it is possible that this sample represents young people who are more likely to be experiencing difficulties. In addition over 75% of the sample had been admitted to ICU. This means that the sample was highly self-selected and potentially likely be young people who have experienced a greater impact of meningitis.
As the questionnaire is designed to identify difficulties we believe that this is an appropriate sample and that the scale therefore has high face validity
There was a higher percentage of females in the focus groups (phase one) than in the group that completed the questionnaires (phase two). Our clinical experience is that females are more likely to be interested in 'talking' than young men and therefore this will have contributed to those young people that contacted us expressing an interest to take part in the focus groups . Young people self selected to participate and we did not wish to refuse individuals that expressed an interest in contributing to the research in order to balance gender in the arms.
The sample size was relatively small which means that replication is necessary in order to establish the stability of the factor structure that was reported. However, recent research has shown that exploratory factor analysis with small samples, such as 50, can successfully recover the factor structure particularly if the factor loadings are high, small number of factors, and large number of variables (de Winter, Dodou, & Wieringa, 2009). The "Confidence" factor was not well defined and was measured by only three items. Two of the items cross-loaded on the "Positive about Future" factor so subsequent research is needed to ensure that the "Confidence" factor is providing additional and unique information. This may require a broader range of criterion variables to be used in subsequent validation studies.
All the variables in this study were measured using self-report and so the associations may be attributable to shared method variance. Future research could also include HRQOL ratings from other sources such as clinicians, carers, and friends to estimate inter-rater reliability. Furthermore it would be useful to assess temporal changes in HRQOL and how these relate to changes in clinical status (Aspesberro, Mangione-Smith, & Zimmerman, 2015) . We also plan to analyse data from a wider age range using data from a large case-control study of the effects of Meningitis B (Viner et al 2012). We do not currently have plans to validate the scale in other languages although we would be very pleased if any studies of meningitis survivors completed in different countries would be interested in collaborating .
The aim of the study was to produce a disease specific scale that tapped into the particular issues for meningitis survivors. Interestingly the instrument does not focus on specific aspects of meningococcal disease and is relatively generic. However it has been constructed by young people who are survivors and therefore reflects the key areas that matter to these young people rather what the investigators may have included had they not consulted the young people in the focus groups.
Conclusion:
This study reports a four-factor model of quality of life based on twenty eight items. The Satisfaction with Life After Meningitis (SLAM) questionnaire is a brief multidimensional measure of HRQOL that produces scores that correlate with criterion variables in a theoretically meaningful way. It is proposed that the questionnaire undergoes further psychometric evaluation using a larger sample and a broader range of criterion variables. 
